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P.H. Navsaria,* P. de Bruyn and A.J. NicolTrauma Unit, Groote Schuur Hospital and Faculty of Health Sciences, University of Cape Town, Cape Town,
South AfricaObjective. The surgical management and outcome of abdominal vena cava (AVC) injuries is presented.
Study design, patients and methods. A retrospective record review of patients with AVC injuries treated in the Trauma
Unit at Groote Schuur Hospital between January 1999 and December 2003 was undertaken. Demographic data, mechanism
of injury, surgical management, associated injuries, duration of hospital stay, complications and mortality were extracted
from patient records. Patients with acute peritonitis and/or shock underwent emergency laparotomy.
Results. Forty-eight patients with AVC injuries were identified. Gunshot wounds accounted for 45 (94%) injuries. The
mean weighted revised trauma score, injury severity score (ISS) and penetrating abdominal trauma index (PATI) were 6.3,
24 and 42, respectively. The AVC injury was infrarenal and suprarenal in 41 and seven patients, respectively. Thirty
injuries were ligated. There were 15 deaths (31%). Significant differences between survivors and non-survivors included
ISS, preoperative hypotension and blood transfusion requirements, whereas site of injury, PATI, and surgical management
did not.
Conclusion. Abdominal vena cava injuries are associated with a high mortality. Ligation of the AVC in critically ill patients
is a feasible and life-saving option.Keywords: Abdominal vena cava; Penetrating trauma.Introduction
The general trauma surgeon every now and again
encounters an injury to the abdominal vena cava
(AVC) during exploratory laparotomy. Mortality for
this injury ranges between 20 and 66%, and has shown
little improvement over the last four decades. While
more than one third of patients with an AVC injury
will not survive to reach the hospital alive, another
third will die within 24 h of treatment from compli-
cations of massive haemorrhage and/or associated
multiple intraabdominal injuries. The purpose of this
study was to review the surgical treatment and
outcome of AVC injuries in an urban trauma unit
with a high incidence of penetrating trauma.nnual Meeting of the Surgical Research Society of
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The records of all patients undergoing surgery for an
AVC injury in the Trauma Unit at Groote Schuur
Hospital during the 5-year period from January 1999
to December 2003, were reviewed retrospectively. Data
regarding patient demographics, mechanism of injury,
occurrence of hypotension, and blood transfusion
requirements were retrieved from patient records.
Operation notes documented the location of the AVC
injury, method of repair, and associated intraabdom-
inal injuries. Admission to the intensive care unit
(ICU), duration of ICU and hospital stays, and
complications were noted. Injury severity was cate-
gorised using the revised trauma (RTS), injury severity
(ISS) and penetrating abdominal trauma index (PATI)
scores. Initial management and resuscitation were
along standard advanced trauma and life support
(ATLS)w guidelines. Patients admitted with an acute
abdomen (i.e. signs of peritonism: Diffuse abdominal
tenderness, rebound tenderness, guarding, rigidity
and diminished or absent bowel sounds) and/or
shock underwent emergency laparotomy without
any preoperative special diagnostic procedures.
Damage control laparotomy was performed for theEur J Vasc Endovasc Surg 30, 499–503 (2005)
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the ‘triad of death’ of hypothermia, coagulopathy and
acidosis. The sequence consists three stages: An initial
‘bail out’ operation where the absolute minimum is
necessary to save the patients life, using temporary
and unorthodox techniques to control bleeding and
intestinal spillage; transfer to the intensive care unit
for resuscitation; definitive repair of the injuries 24–
48 h later on a stable, rewarmed patient with a normal
coagulation profile. Operative therapy of vena cava
injuries included primary venorrhaphy or ligation.
Statistical analysis was performed using the STATA
7.0 statistical program (Stata Corp. 2001. Stata
Statistical Software: Release 7.0 College Station, TX:
Stata Corporation). The difference in means and
proportions was tested using the two-sample T-test
and the Z-test, respectively. A P value of less than 0.05
was considered significant.Results
During the 5-year study period, 2065 trauma laparo-
tomies were performed. Forty-eight patients (2.3%)
with AVC injuries were identified. There were 42 men
and six women with a mean age of 27.3 (range 13–61)
years. The majority (96%) sustained penetrating
trauma: 45 (94%) with low velocity gunshot wounds
and a single patient with a stab wound. Two patients
sustained blunt trauma as result of a motor vehicle and
train crash, respectively. The mean RTS and ISS were
6.3 (range 0–7.6) and 24 (range 16–43), respectively.
The mean finger-prick haemoglobin estimation on
admission was 9.3 (range 3–14.5) G%. At presentation,
15 patients were haemodynamically stable with an
acute abdomen, while 33 presented with hypotension
(systolic blood pressure [SBP]!90 mmHg), with either
a transient or no response to fluid resuscitation. A
mean preoperative transfusion of 1.4 (range 0–4) units
was administered. All patients underwent emergency
exploratory laparotomy. A consultant general surgeon
with trauma and vascular experience was in attend-
ance at 44 (92%) of the laparotomies. An abbreviated
or damage control laparotomy was performed in 35
(73%) cases. The anatomical level of injury andTable 1. Level of abdominal vena cava injury and surgical
management
Level of injury Number Surgical management
Ligated Repaired
Infrarenal 41 29 12
Suprarenal 6 1 5
Retrohepatic 1 0 1
Total 48 30 18
Eur J Vasc Endovasc Surg Vol 30, 11 2005management of the AVC injury is presented in
Table 1. Injury to the infrarenal vena cava (IVC) was
most commonly encountered. Ligation of the AVC was
performed in 30 (63%) patients. No patient underwent
patch angioplasty or complex venous reconstruction
procedures. Associated intraabdominal injuries are
listed in Table 2. One hundred and fifty associated
visceral injuries were distributed among 48 patients,
for a mean of 3.1 injuries per patient. The mid-distal
small bowel [jejunum and ileum (23)] was most
commonly affected, followed by the liver (22) and
duodenum (18). Three infrarenal and two suprarenal
vena cava injuries were ligated and repaired, respect-
ively, in five patients with concomitant aortic injuries.
The mean PATI score was 42 (range 16–72). Associated
extraabdominal injuries are listed in Table 3. Twenty-
three patients who survived the first 24 h had a relook
laparotomy within 24–48 h for removal of swabs (15),
completion bowel surgery to re-establish gut con-
tinuity (7), and one, a pylorus preserving pancreatico-
duodenectomy for a destructive duodenal and
pancreatic head injury. The mean ICU stay was 9.3
(range 1–35) days, while the mean hospital stay was 19
(range 1–117) days. Thirty-one patients were venti-
lated for a mean of 7.5 (range 1–34) days. Overall, 15
patients died, resulting in a mortality of 31%. Six
patients died intraoperatively of exsanguination; four
of who had associated aortic injuries. A further six
patients died within 24 h in the intensive care unit
from the effects of prolonged shock and intractable
coagulopathy. The remaining three patients died
beyond 48 h of systemic sepsis and multi organ
dysfunction. Thus, nine deaths occurred within 24 h
resulting in an AVC-related mortality of 19%.
Previously recorded and established prognostic
factors associated with AVC injury outcome were
analysed (Table 4).
Preoperative hypotension occurred in 33 (69%)
patients. Of the 33 survivors, 19 (58%) were admitted
with hypotension, while 14 (93%) of the 15 patients
who died were admitted in shock (PZ0.0086).
Mortality correlated directly with blood transfusion
requirements; with those surviving requiring a mean
of 7.9 units of blood versus 11.4 units for non-survivors
(PZ0.026). Patients who died had significantly higher
ISS compared to the survivors (PZ0.0001). The
location of the IVC injury did not appear to affect
mortality. The majority of the injuries were to the IVC
and the survival in this group approached but did not
reach statistical significance when compared to
suprarenal injuries (PZ0.057). The surgical manage-
ment of the AVC injury, whether repaired or ligated
did not influence outcome in the survivors versus
non-survivors: PZ0.25 and PZ0.35, respectively. Also,
Table 2. Associated intraabdominal injuries in 48 patients
Structure Number (%)
Small bowel (jejunum and ileum) 23 (48)
Liver 22 (46)
Duodenum 18 (38)
Large bowel 15 (31)
Pancreas 9 (19)
Kidney 8 (17)
Stomach 7 (15)
Vertebral column 6 (13)
Aorta 5 (10)
Extrahepatic biliary system 5 (10)
Ureter 4 (8)
Spleen 2 (4)
Minor vascular (gonadal, mesenteric, lumbar
vessels)
26 (54)
Mean associated injuries/patient 3.1
Overall mean PATI score 42 (R16-70)
Mean PATI score (surviviors) 41 (R16-70)
Mean PATI score (non-survivors) 46 (R22-70)
Table 4. Comparison of clinical and operative variables and
outcome
Variable Survivors (33) Non-survivors
(15)
P value
Preoperative
hypotension
19 14 0.0086
Blood transfu-
sion (units)
7.9 11.4 0.026
Injury severity
score
21 30 0.0001
PATI 41 46 NS
Infrarenal
vena cava
30 11 NS
Suprarenal
vena cava
3 3 NS
Repair 12 7 NS
Ligation 21 8 NS
P!0.05 significant; NS, not significant.
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not influence outcome, with the survivors with a mean
PATI score of 41 (range 16–72), and non-survivors a
score of 46 (range 22–70) [PZ0.26].
All patients with ligated AVC injuries developed
varying degrees of severity of swelling of the lower
limbs. All patients were routinely given above-knee
elastic stockings. Routine anticoagulation adminis-
tration and bilateral prophylactic fasciotomies were
not performed. No delayed fasciotomy procedures
were necessary. Lower limb swelling subsided within
a week to 10 days. No clinically evident pulmonary
embolism was recorded. No venograms or duplex
studies were performed to detect stenosis, patency or
thrombosis of the AVC. Maximum clinical follow-up
was limited to 1 month.Discussion
The incidence of AVC trauma in this series was 2.3% in
keeping with the reported incidence of 0.5–5 and 0.6–
1% of penetrating and blunt abdominal trauma,
respectively.1 It has been reported that one in 50
gunshot wounds to the abdomen strike the AVC.2
Mortality remains high in the region of 20–66%,3Table 3. Associated extraabdominal injuries in 48 patients
Structure Number (%)
Long bone fractures 4 (8)
Tangential gunshot wounds 7 (15)
Facial fractures 1 (2)
Skull fractures 1 (2)
Haemothorax 6 (13)
Peripheral vascular injuries 2 (4)
Facial lacerations 1 (2)
Rib fractures 1 (2)despite advances in rapid prehospital transit, develop-
ment of trauma centers and the practice of damage
control/abbreviated laparotomy in patients with
advanced shock, and the severe physiological sequelae
thereof; namely the potentially lethal triad of acidosis,
hypothermia and coagulopathy.
A brief operative summary to AVC injuries is
presented.2,4 A caval injury should be suspected on
seeing a haematoma behind the ascending colon and
around the duodenal loop. The injury in these cases
has been tamponaded by the retroperitoneum.
Exploration and release of the haematoma may result
in uncontrollable bleeding. A right-sided medial
visceral rotation before entering the haematoma is
recommended. Temporary control should be obtained
by digital compression of the vena cava against the
spine above and below the injury. The edges of the
laceration should be identified. The silvery intima of
the vein should be sought, and the edges gently
grasped with a long haemostat. On defining the entire
circumference of the laceration, a side-biting Satinsky
clamp can be used to control it. Alternatively, inserting
a polypropylene suture at either ends of the laceration
and tie it while your finger occludes the hole. Gently
pulling these end sutures, caudad and cephalad,
respectively, pulls the edges of the vein taut. Moving
the occluding finger slowly allows one to place one
suture at a time in a relatively bloodless field. If the
vena cava injury is posterior, inaccessible, or there are
several lacerations, defining the edges maybe more
difficult. Inserting a Foley catheter into the lumen and
inflating it may help. The repair options are: If the
laceration is simple and easily accessible, a lateral
repair should be done. A complex repair should be
done if the patient is stable and the expertise is
available. If a simple lateral repair on the infrarenal
vena cava cannot be done, it should be ligated.Eur J Vasc Endovasc Surg Vol 30, 11 2005
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if the patient is in extremis, it should be ligated. A non-
expanding suprarenal haematoma below or extending
behind the liver, is best left alone or packed.
Several clinical factors have been shown to be
predictive of survival, namely hypotension, anatomic
level of AVC injury, and associated visceral and
vascular injuries.5 Admission hypotension occurs in
56–83% of patients and is the most commonly cited
determinant of mortality. Similarly, in this series, 33
(68.8%) patients presented with hypotension. Fourteen
(93%) of the 15 deaths occurring in this series
presented in shock. In contrast, only 19 of the 33
(58%) survivors were hypotensive on admission.
The infrarenal vena cava (IVC) has a significantly
greater survival when compared to suprarenal vena
cava (SVC) injuries.1,6–8 Ready access to the injury site
and the greater distribution of low-velocity penetrat-
ing injuries found in this region may account for the
improved results. Thirty to 50% caval injuries affect
the IVC. Forty-one (85%) such injuries were encoun-
tered in this series.
Penetrating AVC injuries are almost always associ-
ated with other visceral and/or other major vascular
injuries. Injuries to the liver, duodenum, pancreas,
small bowel and colon are common. Rosengart et al.,9
Wiencek et al.,10 and Byrne et al.11 have shown a sharp
transition in mortality occurring with an increase in
number of associated injuries. In contrast, the current
study showed no difference in survival when compar-
ing the PATI scores for survivors (40.72) versus non-
survivors (45.86) [PZ0.264].
Approximately 10% of patients with AVC wounds
have a second, major vascular injury, most commonly
involving the aorta or portal vein. Ninety percent of
deaths in the study of Byrne et al.11 had an associated
vascular injury versus 21% in survivors. Graham et al.12
reported a mortality rate of more than 50% in the
presence of more than one associated vascular injury
and 75% in the presence of more than two. There were
four deaths as a result of combined vena cava and
aortic injuries in the current series.
More than half of the patients with AVC injuries are
contained with cessation of bleeding. As many as 40%
of patients may die of uncontrollable bleeding after the
tamponade effect is released. In contrast in the current
series, only 15 (31%) patients presented with a
contained haematoma, while the remainder presented
with partially tamponaded or free rupture into the
peritoneal cavity. There was only one death in the
former group, with all the remaining deaths occurring
in the latter group.
The mechanism of injury has also been reported to
affect survival.13,14 The majority of the patients in thisEur J Vasc Endovasc Surg Vol 30, 11 2005series sustained penetrating trauma from gunshot
injuries and therefore difficult to compare with blunt
mechanisms of trauma. However, blunt injuries do
have the highest mortality, but are less common. We
treated two patients with blunt AVC injury, both of
whom died.
Oedema of the lower extremites may occur in the
early post-operative period following repair or lig-
ation, but is almost never a long-lasting or severe
problem. Leg elevation, elastic bandage wrapping,
and sequential compression devices are recommended
to promote venous flow in the lower extremities.
Whether the use of anticoagulation improves outcome
of narrowed AVC repairs, is unknown. Sudden death
by pulmonary embolus has been reported to occur
after vena cava repair, especially in patients more than
50 years of age.2 The use of vena cava filters, placed
superior to the repair, maybe considered in this
subgroup.
Information regarding the use of arterial endografts
for venous procedures is very small. Successful
endovascular stent-graft placement has been reported
following iatrogenic injury during elective spinal
fusion surgery.14,15 Watarida et al.16 have reported the
use of a fenestrated stent-graft in a traumatic
juxtahepatic AVC injury. There is very little evidence
to support endovascular techniques for civilian
traumatic AVC injuries.
In summary, vena cava injuries are still associated
with a high mortality. Ligation of abdominal vena cava
injuries in patients with multiple associated intraab-
dominal injuries in extremis, is a feasible and life-
saving option, which in this series has shown to have
minimal short-term morbidity and improved survival.References
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